Objective: We studied the association between weight maintenance, oxidized low-density lipoprotein (ox-LDL) and other lipoproteins in obese men. Methods: A 2-month weight reduction phase (WRP) with a very-low-energy diet was followed by a 6-month weight maintenance period and an unsupervised 2-year follow-up. Ninety men entered and 68 (76%) completed the study. Subjects were analyzed as one group and after division into two subgroups: 20 most successful men in maintaining the lost weight (subgroup 1) and the remaining (n ¼ 48) men (subgroup 2). Ox-LDL was measured by quantifying the amount of conjugated dienes in LDL particles. Results: The mean (7s.d.) weight reduction at the end of the WRP (n ¼ 68) was 14% (confidence interval (CI) 12.9-14.7%, 14.574.2 kg, Po0.001). Ox-LDL decreased by 22% (CI 16.9-28.1, 12.3715.4 mmol/l, Po0.001). At the end of the 2-year follow-up, the regain in weight from the end of the WRP was 11% (CI 9.0-12.4, 9.676.2 kg, Po0.001). The regain in ox-LDL was 30% (CI 18.7-41.2, 8.2715.4 mmol/l, Po0.001). In subgroup 1 vs 2, the respective regains were 3% (CI 0.9-4.2, 2.273.0 kg, P ¼ 0.006) vs 14% 12.974.0 kg, Po0.001) regarding weight and 9% (2.076.9 mmol/l, P ¼ NS) vs 39% (CI 23.7-53.9, 11.2717.2 mmol/l, Pp0.001) in ox-LDL. Conclusion: The favorable changes seen in ox-LDL particles and serum lipids during weight reduction could be maintained by keeping the weight reduced, which may indicate decreased risk of atherosclerosis. But weight regain causes a resurge of ox-LDL.
Introduction
Low-density lipoprotein cholesterol (LDL-C) contributes to the development of atherosclerosis. 1, 2 Oxidative stress is involved in a variety of diseases, including atherosclerosis. 3 Juul et al. 4 convoluted these two biological facts and established that the oxidation renders LDL-C particles more susceptible to excessive accumulation in the arterial walls than non-oxidized LDL. This observation has been corroborated by Holvoet and Collen 5 and later by Vasankari et al. 6 It has been further established that the small and dense LDL particles are most susceptible to oxidation, 7-9 which makes them the most atherogenic of all LDL particles. 10 Overweight increases the risk of many diseases, especially coronary heart disease (CHD) and type 2 diabetes. Grundy 11 has estimated that in the 21st century obesity will probably surpass cigarette smoking as the primary killer in the USA. As for coronary and carotid atherosclerosis, obesity increases morbidity substantially. [12] [13] [14] Weight reduction studies have most often enrolled women and this calls for studies conducted also in other obese populations. 15 Men have more often atherosclerosis 16 and related ischemic events than women. 17 Thus, more data on the effects of weight reduction on atherosclerosis specifically among men are needed. Data on the effects of weight reduction on LDL oxidation in vivo are scarce. In a previous study, we found that weight reduction was successful in lowering the levels of oxidized LDL (ox-LDL) in women. 18 In the present study, we investigated the effects of 2 months of weight reduction followed by a 6-month weight maintenance program (including exercise) on LDL oxidation and serum lipids in 68 obese men, who thereafter were followed up for 2 years. In order to study the effect of successful weight maintenance on ox-LDL and serum lipids, we divided the study population into two subpopulations: 20 most successful men in maintaining the lost weight and the remaining 48 men. We determined the baseline concentrations of conjugated dienes in lipids extracted from LDL-C as an indicator of LDL oxidation, as dienes reflect circulating concentrations of minimally oxidized LDL. 6, 19 Materials and methods
Participants
Subjects were recruited by means of local newspaper advertisements in the city of Tampere, South-Western Finland (for details, see Borg et al. 20 ). A total of 90 men (out of 214 respondents) met the inclusion criteria: male, age 35-50 years, body mass index (weight in kilograms divided by the square of the height in meters) 30-40 and waist circumference (WC) 4100 cm. Volunteers who used regular medication, were physically active more often than once per week, smoked or were possible binge eaters according to the BITE questionnaire 21 were excluded. Participants gave written informed consent. The Research Ethics Committee of the UKK Institute approved the study protocol.
Study design
A more detailed description of the study protocol is provided elsewhere. 20 The duration of the study was 31 months.
Briefly, the first phase was the weight reduction phase (WRP), which lasted for 2 months where subjects reduced their weight by very-low-calorie diet (2.1 MJ or 500 kcal, Nutrilett, Leiras Ltd, Turku, Finland) for 8 weeks. One week before and after the very-low-calorie diet, a low-calorie diet (5 MJ or 1200 kcal) was used to accommodate to a diet change. The WRP was followed by a 6-month period of weight maintenance (WMP), where subjects were randomized into three groups: walking, resistance training or control group. Exercise sessions had duration of 45 min and were performed three times per week. The control group had no supervised exercise. After the WMP, ensued a 2-year follow-up period, which was unsupervised. The results from the three weight maintenance groups are presented combined, because the groups did not differ from each other. The intervention groups met weekly in small groups, where they were given instructions concerning food choice and eating behavior. Briefly, they were advised to increase their intake of dietary fiber (i.e. to favor fruits and vegetables and high-fiber products), to favor low-fat products over those with high fat content, to prefer vegetable oils as fat and to avoid groceries with high energy density (i.e. sugar, candies, chocolate and alcoholic beverages). Written educational material was also given each month. Measurements of serum lipids, anthropometry and cardiorespiratory fitness were made on five instances: at baseline, after weight reduction, after the WMP and after the first and after the second follow-up year. Subjects kept a 4-day food diary five times: before WRP, after WRP, once during WMP and at the end of the first and the second year of follow-up. The participants also kept record of their exercise sessions. However, the dietary intervention, related adherence and interpretation of exercise diaries are beyond this article, and are reported elsewhere. 20 In order to study the effect of successful weight maintenance on ox-LDL-C and serum lipids, we divided the study population into two subpopulations: 20 most successful (subgroup 1) in maintaining lost weight and the remaining 48 men (subgroup 2). Of the 20 men in the first subgroup, seven were in the walking group, seven in the resistance training group and six in the control group. In subgroup 2, the corresponding numbers were 13, 19 and 16, respectively.
Analytical methods
Blood glucose was measured from fresh venous samples between 0800 and 0900 after 12 h fast. A 2-h oral glucose tolerance test (OGTT) was performed with sampling at 0, 30, 60 and 120 min with a dose of 75 g glucose. Serum concentrations of cholesterol and triglycerides (TG) were analyzed by enzymatic methods (CHOL-PAP for cholesterol and GPO-PAP for TG, Boehringer Mannheim, Mannheim, Germany). Highdensity lipoprotein cholesterol (HDL-C) was measured by selective precipitation (dextran sulfate). 22 LDL-C was estimated as presented by Friedewald et al. 23 For assessment of baseline diene conjugation (ox-LDL), 24 LDL-C was first isolated by precipitation. 25 The coefficient of variation (CV) for the withinassay precision (12 determinations of the same serum) of the precipitation phase was 3.6%. After resuspension of the LDL-C, the concentration of cholesterol was measured using a kit (CHOD-PAP method, Boehringer Mannheim, Mannheim, Germany). Thereafter, lipids were extracted from the LDL samples (100 ml) by chloroform -methanol (2:1), dried under nitrogen, then redissolved in cyclohexane and analyzed spectrophotometrically at 234 nm. Oxidation during the sample preparation was prevented by ethylenediaminetetraacetic acid. The CV for the within-assay precision was 4.4% (20 determinations of the same sample); the CV for the betweenassay precision was 4.5% (over the period of 3 months).
Body composition and blood pressure Body weight was measured using a high-precision scale (F150S-D2, Sartorius, Goettingen, Germany). The subjects 
Statistical analyses
We used Statistical Package for Social Sciences version 11.0. The differences were tested using the General Linear Model procedure for repeated measures. In case of significant subgroup Â time interaction, a separate repeated-measures analysis of variance was computed for each trial. An independent samples' t-test was used to reveal differences between the two subgroups (difference of the changes between the subgroups). Pearson correlation analyses were used to reveal associations between parameters. We used logarithmically transformed values of the variables that had a significantly skewed distribution. A P-value o0.05 was considered statistically significant.
Results
Complete data throughout the study on serum lipids and anthropometric variables were available from 68 men (76% of initial participants). Of these, blood glucose was available from 67 and blood pressure data from 59 men. Mean age at baseline (n ¼ 68) was 42.7 (range 34-51) years. The anthropometric characteristics are summarized in Table 1 . Data regarding systolic blood pressure (SBP) and diastolic blood pressure (DBP) and fasting (0-h) and 2-h blood glucose (OGTT) are given in Table 2 . In addition to analyses of the results in the study population as a whole, we divided the study population into two subgroups. We first ranked the subjects according to the amount of weight change from the end of the WRP to the end of the study. Subgroup 1 consisted of 20 men, who had a weight gain of 6.2 kg or less during WMP and 2-year follow-up in this group. The remaining men formed subgroup 2 (n ¼ 48; the range of weight gain in corresponding time 6.2-23.0 kg). Among all study participants, the mean weight reduction during WRP was 14.5 kg (74.2; range 5.1-26.1 kg) ( Table 1 ). At baseline, there were no statistical differences in any variables between the two subgroups.
Body composition All participants (n ¼ 68 
'All' refers to those 68 (59 for blood pressures) men who completed the study. 'Subgroup 1' (S1) includes 20 men who were most successful in weight maintenance after weight reduction and 'subgroup 2' (S2) includes the rest 48 men. The value measured after the WRP was compared to the value measured at baseline. Values after WMP, 1-year follow-up and 2-year follow-up were compared to the value after the WRP. 
Abbreviation: SBP, systolic blood pressure. 'All' refers to those 67 (59 for blood pressures) men who completed the study. 'Subgroup 1' (S1) includes 20 men who were most successful in weight maintenance after weight reduction and 'subgroup 2' (S2) includes the rest 48 men. The value measured after the WRP was compared to the value measured at baseline. Values after WMP, 1-year follow-up and 2-year follow-up were compared to the value after WRP. Figure 5 ). However, during the WMP, it increased by 15% (CI 11.5-19.0) (Po0.001). During the 2-year follow-up, HDL-C decreased by 7% (CI 4.8-9.6) (Po0.001). During the whole study, TC and LDL-C did not change significantly, whereas TG decreased by 5% (CI À6.3-16.7) (P ¼ 0.014). The Weight maintenance and oxidized LDL MS Linna et al respective increment for HDL-C was 8% (CI 4.6-11.0) (Po0.001).
Subgroup 1 vs 2. During WRP, TC, LDL-C and TG decreased similarly in both subgroups ( Figures 2, 4 and 5) . From the end of the WRP to the end of 2-year follow-up, both TC and LDL-C increased in subgroup 1, by 22% (CI 14.0-26.0) and 29% (CI 17.6-40.8) (Po0.001 for both), whereas TG did not change. In subgroup 2, the respective increases were 30% (CI 24.7-34.8), 31% (CI 25.5-37.4) and 52% (CI 32.0-71.9) (Po0.001 for all) (the differences between the subgroups: for TC, P ¼ 0.030; TG, P ¼ 0.005). During the whole study, the reduction in TG concentration in subgroup 1 was 23% (CI 13.3-32.8) (Po0.001), whereas TC and LDL-C did not change. In subgroup 2, there were no changes in TC, LDL-C and TG (the differences between the subgroups during the whole study for: TC, P ¼ 0.047; for TG, P ¼ 0.005). During WMP, HDL-C increased by 16% (CI 9.7-23.4) and 15% (CI 10.0-19.4) (Po0.001 for both) in subgroups 1 and 2, respectively ( Figure 3 ). During the 2-year follow-up, HDL-C did not change in subgroup 1, whereas in subgroup 2 it decreased by 9% (CI 6.7-12.0) (Po0.001) (the difference between the subgroups: P ¼ 0.005). During the whole study, the increment of HDL-C was greater (12%, CI 6.6-17.7, Po0.001) in subgroup 1 than in subgroup 2 (6%, CI 2.1-9.1) P ¼ 0.006) (the difference between the subgroups: P ¼ 0.041).
Fasting (0-h) and 2-h blood glucose concentrations from OGTT All study participants. During WRP, 0-and 2-h glucose decreased by 6% (CI 3.4-9.3) and 9% (CI 3.6-14.3) (Po0.001 for both). From the end of WRP to the end of 2-year follow-up, the respective increases were 7% (CI 4.2-9.2) (Po0.001) and 13% (CI 5.3-20.1) (P ¼ 0.021). During the whole study, 0-and 2-h glucose concentrations did not change.
Subgroup 1 vs 2. During WRP, 0-and 2-h glucose decreased similarly in both subgroups. Also from the end of the WRP to the end of the 2-year follow-up, 0-h glucose increased similarly in both subgroups. However, 2-h glucose did not change in subgroup 1, but increased by 18% (CI 10.0-26.8) (Po0.001) in subgroup 2 (the difference between the subgroups, P ¼ 0.007). During the whole study, 0-h glucose did not change in either of the subgroups. In subgroup 1, 2-h glucose decreased by 10% (CI À0.7-21.4) (P ¼ 0.027), but remained unchanged in subgroup 2 (the difference between the subgroups: P ¼ 0.016).
Systolic and diastolic blood pressure All study participants. During WRP, SBP and DBP decreased by 5% (CI 2.9-6.9) and 9% (CI 6.0-11.6), respectively (Po0.001 for both). From the end of WRP to the end of 2-year follow-up, SBP and DBP increased by 8% (CI 4.9-10.3) and 14% (CI 10.5-17.7), respectively (Po0.001 for both). During the whole study, neither SBP nor DBP changed. Subgroup 1 vs 2. During WRP, from there on and during the whole study, the changes in SBP and DBP were similar between the subgroups. 
Pearson correlation analyses

Discussion
This study shows that among obese men who can maintain most of the weight loss for 2 years (subgroup 1), the concentration of ox-LDL remains reduced (Figure 1) . Interestingly, this is not the case for TC (Figure 2) or LDL-C (Figure 4) where no changes were seen during the 2 years of follow-up. Thus, the favorable changes in LDL-C lipids persist (less ox-LDL) if weight loss is maintained. The concentration of TC and of LDL-C returned towards levels before weight reduction. The decrement of ox-LDL was associated with decreased TG and increased HDL-C. The association with changes in ox-LDL and in TG are in accordance with earlier studies, which have shown that baseline diene conjugation (ox-LDL) of LDL lipids is almost exclusively owing to conjugated fatty acids of cholesteryl esters and TG. 6 The possible interaction between oxidative stress and obesity has currently been under scrutiny. 27 There is evidence to support a connection between the two of these. 28 In a previous study regarding the association between weight reduction and LDL oxidation in obese premenopausal women, we found that a mean weight loss of 13 kg during 12 weeks of a very-low-calorie diet was accompanied by a 40% (Po0.001) reduction in ox-LDL. 18 In the present study, a 2-month WRP among all participants resulted in a mean weight loss of 14 kg (range 5.1-26.1 kg), which was accompanied by a 22% decrement in ox-LDL. Both studies show that weight loss reduces clearly the concentrations of oxidized lipids. However, a higher total risk of atherosclerosis in men 16 is less substantially decreased by weight reduction than in pre-menopausal women who have a lower risk of atherosclerosis at the outset.
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Interestingly, the difference of change in LDL-C from the end of the WRP to the end of the 2-year follow-up between the subgroups did not differ from each other, whereas ox-LDL increased in subgroup 2 but not in subgroup 1. Together, these results suggest that unsuccessful weight maintenance worsens the quality of LDL-C and renders the existing LDL particles more atherogenic. It also seems that although successful weight maintenance is accompanied by a partial relapse of lipid values toward the levels before weight reduction, an increase in LDL-C does not mean that the level of ox-LDL increases concomitantly. A disproportion between concentration of a risk factor (insulin) at baseline and after a possible relapse of weight has also been observed previously. 29 In that study, the concentrations of insulin at baseline and after 96 weeks (1.8 years) did not differ statistically, whereas weight still did. They thus concluded that weight regain (90% of reduced weight) associates to the return of hyperinsulinemia. As the rise in ox-LDL after the WRP was lower than could have been assumed from the more marked relapse in LDL-C, this may imply that weight reduction is, despite a resurge in serum LDL-C concentration, a beneficial means to control the cardiovascular risk factor profile of obese individuals. Steinberg et al. 30 and
Witztum 31 pointed out that the oxidative modification of LDL-C can be regarded as the prelude to the development of sclerotic arteries: excessive uptake of ox-LDL is a prerequisite for irreversible vascular changes. Juul et al. 4 
and Mertens and
Holvoet 32 have stated that a triggering event is the formation of minimally ox-LDL in the circulation -a class of LDL-C that is, in fact, similar to the LDL-C to which we refer to as ox-LDL in this study. 33 The association between minimally oxidized LDL (LDL-conjugated dienes) and angiographically assessed coronary atherosclerosis has been confirmed. 6 The relationship between cardiovascular risk factors and maintenance of weight loss is also illustrated by the changes in anthropometric measures (WC, FM) of this study. The subgroups were comparable by body composition values at baseline. At the end of the study, subgroup 2 had 12% larger WC and 27% larger FM than subgroup 1 (Po0.001 for both; Table 1 ). This may be of clinical importance, as increasing abdominal obesity (WC, waist-to-hip ratio) increases the carotid maximal intima-media thickness. 14, 34 Even among men exhibiting different patterns of fat distribution, men with the male type obesity may have a higher risk of CHD than men with female type. 35 At baseline, the subgroups were comparable also on behalf of serum lipids, blood glucose and blood pressure. At the end of the study, subgroup 2 had higher mean concentrations of ox-LDL (26%), TC (13%), LDL-C (14%), TG (43%) and lower HDL-C (12%) than subgroup 1. Men in subgroup 2 tended to have higher blood pressures as well. The findings are in line with previous publications regarding metabolic consequences related to obesity. In line with this, a significant correlation was also found between changes in body weight and 0-and 2-h glucose concentrations from the end of the WRP to the end of the second follow-up year. This very likely heralds the underlying interaction between obesity and insulin metabolism in processing a glucose load. In fact, by using the criteria (ATP III) for metabolic syndrome (MS) provided by NCEP, 36 11 men at the end of the study would have met the criteria based on WC, TG and HDL-C. Of these, 10 were in subgroup 2. Among these 11 men, mean concentration of ox-LDL was 33% higher (57.2723.5 vs 38.2712.8 mmol/l, Po0.001; data not shown) than among the rest of men. Ox-LDL was higher also at baseline, by 26% (56.5722.5 vs 42.0715.2 mmol/l, P ¼ 0.003, data not shown), when 16 men (four in subgroup 1, 12 in subgroup 2) would have met the same criteria. The above-mentioned association between MS and ox-LDL strengthen the hypothesized interactions between factors of obesity and ox-LDL. However, changes in ox-LDL did not correlate with changes in glucose from the end of WRP to the end of second follow-up year. The effects of the present lifestyle intervention study on features and prevalence of MS are more thoroughly discussed elsewhere. 37 The subgroups were used in order to reveal a possible benefit of successful weight maintenance to lipoprotein profile, particularly to ox-LDL. The cut-point value of þ 6.2 kg after the WRP was regarded as justified for the following two reasons. First, the weight change during the WMP and the 2 follow-up years between the 68 subjects had relatively large range (from À6.47 to þ 23.07 kg). Therefore, it was difficult to form subgroups of even nearly equal size still being able to discern weight maintainers from regainers reliably. Second, by choosing this cut-point value, we were able to maintain a quite reasonable group size (20 subjects, 30% of the participants) without having to include subjects with severe weight regain to subgroup 1.
The 20 men comprising subgroup 1 who succeeded in maintaining their weight regain less than or equal to 6.2 kg after the WRP did it by means of their own efforts, as 24 of the 30 months following the weight reduction period were not supervised. Exercise training is known to decrease the concentration of ox-LDL. 38 The differences in exercise during weight maintaining and follow-up period do not explain the differences in ox-LDL, as no differences in maximal oxygen uptake were seen between the subgroups in any of the five time points. However, it is possible that beneficial dietary changes associated with improved weight maintenance could to some extent account for the difference in ox-LDL between subgroups. 20 This study strengthens the clinical importance of weight reduction and maintenance, but shows again that maintaining weight loss over longer periods of time is rare. 39 By drawing the line of successful weight maintenance to a value of þ 6.2 kg after weight reduction (by which we separated our subgroups), in our study 48 out of 68 (71%) failed. If we also include the subjects who did not complete the study and assume that they failed in weight maintenance after the WRP (n ¼ 22), the proportion is 70/90 (78%). Obese persons are often physically less active than non-obese persons, which makes
Weight maintenance and oxidized LDL MS Linna et al maintenance of weight loss even more difficult. 40 Also, a lack of external support and guidance after a weight reduction intervention increases the likelihood of weight regain. 41 According to Kannel et al., 42 obesity, either moderate or severe, tends to promote clusters of CHD risk factors. Fortunately, there are scientific data indicating that lifestyle interventions can reverse the further development of obesity and related co-morbidities. 43, 44 In conclusion, this study shows that if successful weight reduction is followed by weight regain, it causes a resurge of ox-LDL and other lipid concentrations. On the other hand, successful maintenance of weight loss is accompanied by reduced ox-LDL levels, which may indicate with a decreased risk of atherosclerosis.
